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   Abstract
In  this  paper,  we  present  the  Core  Scientific  Metadata  Model  (CSMD),  a  model  for  the 
representation of scientific study metadata developed within the  Science & Technology Facilities 
Council  (STFC)  to  represent  the  data  generated  from scientific  facilities.  The  model  has  been 
developed to allow management of and access to the data resources of the facilities in a uniform 
way, although we believe that the model has wider application, especially in areas of “structural 
science” such as chemistry, materials science and earth sciences. We give some motivations behind 
the development of the model, and an overview of its major structural elements, centred on the 
notion of a scientific study formed by a collection of specific investigations. We give some details 
of the model, with the description of each investigation associated with a particular experiment on a 
sample generating data, and the associated data holdings are then mapped to the investigation with 
the appropriate parameters. We then go on to discuss the instantiation of the metadata model within 
a production quality data management infrastructure,  the  Information CATalogue (ICAT), which 
has been developed within STFC for use in large-scale photon and neutron sources. Finally, we give 
an overview of the relationship between CSMD, and other initiatives, and give some directions for 
future developments.1
1 This paper is based on the paper given by the authors at the 5th International Digital Curation 
Conference, December 2009; received November 2009, published June 2010.
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Introduction
Metadata are a key factor in the archiving and distribution of scientific data. 
Through the use of good metadata models, defined at the appropriate level, scientists 
can publish and share data, and allow the results of experiments and studies to be 
browsed, searched and cited. Appropriate metadata can thus encourage the reuse of 
data within and across scientific disciplines.
The Core Scientific Meta-Data Model (CSMD) is a study-data orientated model 
which has been developed at the Science & Technology Facilities Council (STFC) 
over the last 8 years; for earlier work see Sufi and Matthews (2004, 2005). The model 
is intended to capture high level information about scientific studies and the data that 
they produce. The Core Scientific Metadata Model (CSMD) is being used as the core 
metadata model within the data management infrastructure which is being developed 
for the large-scale scientific facilities supported by STFC including the ISIS Neutron 
Source2 and the Diamond Light Source3 In particular, it is a key feature of the 
Information CATalogue (ICAT), a software suite designed to manage the cataloguing 
and access to facilities data (Flannery et al., 2009). The CSMD was thus developed to 
support data collected within a facility’s scientific workflow. However the model is 
also designed to be generic across scientific disciplines and has application beyond 
facilities science, particularly in the “structural sciences” (such as chemistry, material 
science, earth science, and biochemistry) which are concerned with the molecular 
structure of substances, and within which systematic experimental analyses are 
undertaken on material samples.
In this paper, we motivate and describe the scientific metadata model which has 
been developed within STFC, both in its overall structure, and some of the details. We 
also describe how the model is being used in the ICAT, and how it relates to other 
initiatives and how it may develop. This paper updates the report on version 2.0 of the 
model (Sufi & Matthews, 2005).
A Metadata model for Facilities Science
CSMD is organised around a notion of Studies, a study being a body of scientific 
work on a particular subject of investigation. During a study, a scientist would perform 
a number of investigations, for example, experiments, observations, measurements and 
simulations. Results from these investigations usually proceed through different stages: 
raw data are generated, this is then analysed to produce derived data which then may 
be refined to an end result suitable for publication.
The model thus defines a hierarchical model of the structure of scientific research 
around studies and investigations, with their associated information, and also a generic 
model of the organisation of datasets into collections and files. Specific datasets can be 
associated with the appropriate experimental parameters, and details of the files 
holding the actual data, including their location for linking. This provides a detailed 
description of the study, although not all information captured in specific metadata 
schemas would be used to search for this data or distinguish one dataset from another.
2 Science and Technology Facilities Council ISIS: http://www.isis.stfc.ac.uk/index.html
3 Diamon Light Source: http://www.diamond.ac.uk/
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Figure 1. Main entities of the CSMD.
The core entities of the CSMD for a study are given in Figure 1, and are 
summarised as follows.
• Investigation. The fundamental unit of the study, including a title, abstract, 
dates, and unique identifiers referencing the particular study. Also 
associated with the investigation are the facility and instrument used to 
collect data.
• Investigator. The people involved in the study, together with their 
institution and role in the investigation (e.g., principle investigator, research 
student).
• Topic and Keyword. Controlled and uncontrolled vocabulary to annotate 
and index the investigation.
• Publication. References to publications associated with (motivating or 
derived from) the investigation.
• Sample. Information on the material sample under investigation within the 
study. The model has fields for a sample’s name, chemical formula and any 
associated special information, such as specific safety information on a 
toxic material.
• Dataset. One or more datasets can be associated with an investigation, 
representing different runs or analyses on the sample. Initially a raw dataset 
can be attached to the investigation, but subsequently, analysed datasets 
can also be added.
• Datafile. The CSMD takes a hierarchical view of data holdings, as datasets 
may contain other datasets as well as units of storage, typically datafiles. 
Each datafile has more detailed information, including its name, version, 
location, data format, creation and modification time, and fixity 
information such as a Checksum.
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